INTRODUCTION
============

Twenty to 25% of the general population suffers from a diagnosable mental illness, ranging from the most common major depressive disorder and anxiety disorders to psychotic and cognitive disorders (National Institute of Mental Health; Kessler *et al*., [@b15]). Mental health issues are the leading cause of health-related disability in children and adolescent with long-lasting effects throughout their lives (Kieling *et al*., [@b16]). According to the World Health Report 2001, four of the 10 leading causes of disability worldwide are neuropsychiatric disorders, which account for over 30% of total disability and more than 12% of the total burden of disease. Moreover, the World Health Organization reported that depression is the leading cause of years lost due to disability and mental disorders account for approximately 160 million lost years of healthy life, with at least 30%, which can be averted with existing treatment (WHO, [@b28]). Psychotropic medications are generally the first-line treatment of severe psychiatric disorders, and among them include antidepressants, antipsychotics, mood stabilizers, and anxiolytic medications, and so on. (APA, [@b1]). Antidepressants are the top therapeutic class by prescriptions in the United States since 2011 (IMS, [@b13]). Thus, medications are an important part of the management of psychiatric disorders, and both clinicians and patients should be aware of their benefits and risks.

Pharmacogenetics is the study of the genetic variation that contributes to inter-individual differences in drug response and propensity to side effects (Roses, [@b22]). Pharmacogenetics holds the potential to assist in the care of psychiatric conditions, perhaps more than in other medical disorders, due to the nature of psychotropic medications. Variable response to psychotropic medication remains a critical issue in psychiatric care, as a large proportion of patients continues to experience significant symptoms despite treatment (MacGillivray *et al*., [@b18]; Corey-Lisle *et al*., [@b7]). Selecting the appropriate dose is often difficult, requiring long periods of patient assessment and drug titration (Reynolds, [@b21]). Psychotropic medications utilize a variety of drug targets and methods of action, creating a range of prescription options to select between, often with little evidence (Shuchman *et al*., [@b24]). Furthermore, a significant number of patients develop drug-induced side effects and adverse events; many of which are potentially avoidable if the appropriate medication and dosage are prescribed (Reynolds, [@b21]).

Subsequent to the completion of the human genome project and with the advancement of high-throughput sequencing and genotyping technologies, an understanding of how genomes vary from person to person is growing at an exponential rate (The International HapMap Consortium, [@b25]). Initial studies into the pharmacogenetics of psychotropic drugs have provided optimism for the potential of tests regarding both safety and efficacy (Reynolds, [@b21]). Genetic variation in genes producing neurotransmitter receptors, transporters, neurotrophic factors, and drug metabolizing enzymes has all been associated with antidepressant response (Fabbri *et al*., [@b31]; Kato and Serretti, [@b14]). With respect to side effects, efforts have been made toward identifying patients with increased propensity for antipsychotic-induced weight gain (Lett *et al*., [@b17]; Malhotra *et al*., [@b19]). A genetic test that investigates genetic variants in the drug metabolizing enzymes CYP2D6 and CYP2C19 (Vetti *et al*., [@b26]), which are two major mechanisms impacting on inter-individual variability in response and side effects is commercially available with Food and Drug Administration approval (AmpliChip® CYP450 Test; Table 1). Brandl *et al*. have reported that this Roche AmpliChip® CYP450 test was useful in providing significant prediction of outcome in antidepressant treatment of obsessive-compulsive disorder (Brandl *et al*., [@b5]). In general, genes associated with drug response and safety require further validation and verification, including *in vitro* and *in vivo* functional studies, animal studies, and large randomized controlled trials (Reynolds, [@b21]). A proposal has been made to establish criteria to ensure the quality of pharmacogenetic studies (Serretti *et al*., [@b23]).

Concerns with regard to genetic testing in general, and pharmacogenetics specifically, do exist. Within the literature, the most commonly cited concerns include fears of further use of the test result without consent, potential discrimination of individuals seen to be at "genetic disadvantage", exacerbation of concerns regarding orphan drugs (medications that have been developed to treat a rare medical condition), and additional inequities in the delivery of health care (Breckenridge and Walley, [@b30]). The hereditary nature of genetic information means that the ramifications of test results on family members must also be considered (Haga and Burke, [@b10]). Concerns with regard to performing tests on vulnerable individuals or those who are unable to provide informed consent add to the complexity of the issue (Morley and Hall, [@b20]). Additionally, one must consider ancillary information that can be inferred by the results of many pharmacogenetic test results, as variants associated with drug response are often also associated with disease risk (Haga *et al*., [@b11]).

Different factors influence opinion in genetic testing, including general knowledge, level of education, culture, ethnicity, religion, prior exposure and experience, policy and law, and so on. A recent study from the United States implicated that majority of participants indicated willingness to test for curable disorders; however, participants with religion background tend to have an indirect negative effect on attitude toward genetic testing (Botoseneanu *et al*., [@b4]). In another study, a small percentage of participants prefer genetic testing as the basis for prescription of medications if issues of cost, discrimination, and privacy have been addressed (Bevan *et al*., [@b3]). Regarding attitudes in genetic testing between the healthcare professionals and patients, gaps were identified because of no clear model focusing on clinical practice, high expectations from patients, and current understanding of genetic testing (Fargher *et al*., [@b9]). Furthermore, there appeared to be a lack of consensus regarding safeguards and risks of genetic testing with the early use of genetic testing in psychiatry (Hoop *et al*., [@b12]). In view of the differences, including methodological, ancestral and cultural, across populations, caution should be taken when comparing results from multiple studies.

With pharmacogenetic tests already being marketed directly to consumer (Couzin, [@b8]; Table S1,), it is vital that we open a discussion to the public regarding interest and concerns toward pharmacogenetic tests. To our knowledge, this is the first study evaluating opinions toward pharmacogenetics of psychotropic medications.

METHODS
=======

A questionnaire was developed with a specific focus on genetic and pharmacogenetic testing of complex psychiatric traits (Supporting Information). Demographic data including age, sex, religion, importance of religion, and race was collected. A draft of the questionnaire was piloted on 30 students, and comments were collected to ensure the clarity, timing, and relevance of the questionnaire. However, no formal verification of reliability was performed. The study received approval from the Ethics Review Boards of the Centre for Addiction and Mental Health, the University of Waterloo, and the University of Western Ontario.

Invited participants were undergraduate science and medical students at the University of Waterloo, the University of Western Ontario, and the University of Toronto. Data was collected over 3 years from 2005 to 2007, collated in 2007, and analyzed in 2009 to 2010. With the permission of professors and department heads, one of the investigators would enter the lecture hall at the end of a lecture and deliver a standardized recruitment announcement. Questionnaires were completed anonymously, and students were informed that they were under no obligation to participate in the survey and could leave at any time. The students were instructed that any questions that they were uncomfortable about or unsure could be checked "Don\'t Know" or left blank. Completely blank questionnaires were not included in the analysis. In partially completed questionnaires, blank questions were coded as "data missing". We did observe an increase in blank question responses toward the end of the questionnaire, but of the 910 participants who started the survey, 889 completed the survey in its entirety (97.7%). Religion was included in the questionnaire because of the differences in the opinion of genetic testing due to religious beliefs. Simple statistical analyses including descriptive comparison, non-parametric analyses of categorical variables were performed. All statistics were performed in [sas]{.smallcaps} v9.1 (SAS Institute, Cary, NC, USA).

RESULTS
=======

In total, the questionnaire was completed by undergraduate science students (total *n* = 910) at the University of Waterloo (*n* = 542) and undergraduate medical students at the University of Western Ontario (*n* = 268) and the University of Toronto (*n* = 100). The response rate, given the number of surveys distributed, and the class size are estimated to be ∼85%. The demographic data of the participants are presented in Table [1](#tbl1){ref-type="table"}. A majority of students reported exposure to some information regarding genetic testing (86%) and mental illness (81%) within the classroom and thus are likely to be more informed with regard to the issues than the general public (67% in the public; Wilde *et al*., [@b27]). To determine opinions toward pharmacogenetics, the following was asked: "Schizophrenia drugs can have severe side effects. Assume that a genetic test could determine which drug will give the best results with the least side effects for each individual patient. If schizophrenia has been diagnosed, should genetic testing be used to determine which drug to prescribe?" Of respondents, 90% (816 out of 908) selected "Yes" (Figure [1](#fig01){ref-type="fig"}). Within the sampled university students, the response to the query was not significantly modified by the addition of age, sex, race, religion, or importance of religion.

###### 

Demographic data

  Characteristic                                  Responses             \# (%) of participants
  ----------------------------------------------- --------------------- ------------------------
  Sex                                             Male                  331 (36.6)
  Female                                          571 (63.2)            
  Data missing                                    8 (0.9)               
  Age                                             16--19 years          92 (10.2)
  20--23 years                                    597 (66.1)            
  24--27 years                                    181 (20.0)            
  \>27 years                                      33 (3.7)              
  Data missing                                    7 (0.8)               
  Children                                        Yes                   10 (1.1)
  No                                              885 (98.8)            
  Expecting                                       1 (0.1)               
  Data missing                                    14 (1.5)              
  Do you plan on having children in the future?   Yes                   741 (81.4)
  No                                              18 (2.0)              
  Do not know                                     117 (12.9)            
  Data missing                                    34 (3.7)              
  Race                                            Caucasian             525 (57.7)
  Asian                                           288 (31.7)            
  Native Canadian                                 6 (0.7)               
  Hispanic                                        4 (0.4)               
  Black                                           4 (0.4)               
  Other                                           72 (7.9)              
  Data missing                                    11 (1.2)              
  Religion                                        Catholic              215 (23.6)
  Protestant                                      154 (16.9)            
  Jewish                                          42 (4.6)              
  Muslim                                          46 (5.0)              
  Hindu                                           33 (2.8)              
  Buddhist                                        25 (3.6)              
  None                                            242 (26.6)            
  Other                                           129 (12.3)            
  Data missing                                    24 (2.6)              
  Importance of Religion in my life               Extremely important   116 (12.8)
  Very important                                  152 (16.7)            
  Moderately important                            283 (31.1)            
  Hardly important                                170 (18.7)            
  Not important at all                            171 (18.8)            
  Data missing                                    18 (2.0)              
  Students                                        Undergraduate         542 (59.6)
  Medical                                         368 (40.4)            

![Result of the question "Schizophrenia drugs can have severe side effects. Assume that a genetic test could determine which drug will give the best results with the least side effects for each individual patient. If schizophrenia has been diagnosed, should genetic testing be used to determine which drug to prescribe?"](hup0029-0287-f1){#fig01}

We did not find significant differences regarding students\' opinion on genetic testing between the different age, sex, race, and religion groups.

Questions were formed to query possible concerns for respondents. Seventy-one percent (638 of 898) of respondents were concerned that genetic tests could lead toward discrimination, and seventy-eight percent (703 of 897) was concerned that the results of a genetic test might later be used without consent.

DISCUSSION
==========

The current study aimed to investigate opinions of undergraduate science and medical students toward the use of pharmacogenetics for psychotropic medications. We found 90% support for using genetic information to assist in the selection of pharmacological treatments for schizophrenia when a diagnosis has already been made, efficacy can be predicted, and side effects can be reduced. This is an overwhelming positive response for pharmacogenetic testing; however, it is likely that an important component of the question was that efficacy can be predicted and side effects can be reduced. Although there are examples of advancements of psychiatric pharmacogenetics (Reynolds, [@b21]), it is vital that carefully designed studies are carried out so that the promise of pharmacogenetics for psychotropic medications can be fulfilled (Serretti *et al*., [@b23]). However, this sample might not be generalizable across the general population given the level of education (post-secondary) and the field of study (science or medicine) with more exposure and understanding toward medical/mental illnesses and genetic testing.

A substantial amount of psychoeducation and/or counseling is required before a patient can come to an informed decision regarding a genetic test for risk for a disease. Terms such as absolute and relative risk, sensitivity and specificity, and positive and negative predictive values are unfamiliar and difficult to interpret, yet many of these terms are common place in the practice of evidence-based medicine and regularly need to be dealt with (Breckenridge *et al*., [@b6]). As proposed by ethicists, respondents were concerned that genetic test results could lead to discrimination, and that the results might later be used without consent. Issues of confidentiality are common in modern medicine and will hopefully improve with the implementation of electronic health records (Masys *et al*., [@b29]). In the end, the question is "are the risks connected with the pharmacogenetic test smaller than the benefits that such knowledge may provide?" Counseling is not usually necessary unless the genetic testing is related to the risk for a disease, as opposed to pharmacogenetic testing, and this may, in part, be because the prescribing physician uses the genetic information only as a guide for choice and a dose of medication. As pharmacogenetic tests, and the evidence supporting them, improve, the balance will continue to shift in favor of pharmacogenetic testing.

An important limitation of the current study was that participants were a convenience sample of medicine and science students and thus may be biased toward the acceptance of new technologies. However, because of their education, the students should be more informed with respect to the pros and cons of genetic testing including bioethical concerns especially in medicine, than the general public, and as future physicians and scientists, they also represent important decision makers of the future. Furthermore, it should be noted that the scenarios in the survey generally described the benefits of genetic testing, as opposed to the limitations and potential risks---this bias may have contributed to the observed very high endorsement of pharmacogenetic testing.

It appears that there is a growing marketplace for genetic and pharmacogenetic testing, particularly available through the internet, often without the necessary counseling or full understanding of test results. Private companies are proceeding with the commercialization of many pharmacogenetic and genetic tests for psychiatric conditions. In regard to direct-to-consumer pharmacogenetic testing, a good deal of caution should be taken by the consumer, because, without the knowledge and judgment of a trained clinician, harmful misinterpretations may occur. The results of the current study indicate that a large majority of participants believe that pharmacogenetic testing should be used for the selection of the appropriate psychotropic medication. A good understanding of society\'s needs, desires, and opinions toward psychiatric pharmacogenetic testing will help guide future research and be an asset when instituting policies regarding the acquisition and use of genetic information.
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